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Smaller and lower cost o])(ions of NASA’s Solar l’robe mission IMvc recently  [mm
studied. ‘1’hc diffc.rcnce bctwccn tlmc options and the results of earlier studies is dramatic.
‘J’hc motivation for low cost has cmcouraged tllc Jf’1. design team to acco]~]nmdate  a smaller
scientific payload using innovative r]]t]lti-fllr]ctio~]al  subsystems. ‘1’lIc  lhcmd shield that is
synonymous with a close solar mission has been dramatically rcdcsigflcd  [o provide
multiple functions of shielding, col]lll~~lr]icatiorls,  and (on some options) scicncc  instrument
accommodation. Other new concepts (o support the scicncc  include a ~icployable  mirror for
mn]ote  scnsi ng, and a boom lnountccl  platform for a plasma spectrometer (on so]ne
opt ions) that will provide a near] y spherical field-of-view for the i nstrumcnt,  The options
demonstrate that high performance systems can be designed to acconlplish  the mission
within highly constrained mass, power, and costs.

IMring [I]c past two years a series of spacecraft and payload options have hem dcvc]opcd
for the. Solar Probe missic)n (Ref. 1). “1’hcsc options rcfkzt cvolvillg  scicncc  rcquircmcn[s
and payloads, as well as a more clear undcxst anciing about how t hc sl)acccraft WOU1 d
accommodate these payload cllangcs. Also, an instrument (cdmo]ogy  dcvc.lopmcnt
program is under way tha( has already suggested new smaller i[lshwllmnt concepts that
could be inco]poratcd  in the spacecraft. “1’hc goal of the 1OWCS( si~,c,  mass and cost concept
was paramount to the studies that were undertaken. Miniaturi~atio]l  in spacecraft
components and the incorporate ion of a parabo]  ic shield antenna concept has led to (1]c
current spacecraft design lha( can bc launched oJ~ a Delta vehicle dircclly to Jupiter
providing a short flight time to the sun from a relatively inexpensive vehicle. 7’hc same
spacecraft can also be a partner with the Russian ‘Tlamya” spacecraft (Ref. 2) on a Proton
]aunch  if the joint ~JRE program with the Russians is accomplished. ]iithcx  ]aunch would
occur il] 2003 for an arrival at Perihelion of 2007.

IJigure 1 illustrates the Solar I’mbc trajcdory  near the sun as viewed alons t}lc line to (hc
carlll,  “1’wo [raje~torics arc showt]: the U.S. Solar l’robe trajcc[oty  1 Iaving  a pc,rihclion
radius RP of 4 Solar Raclii  (R,) and the Plamya  trajectory with an RI, of 1 OR,. ]Ioth
trajccto~ ICS are plotted over a mode] of the magnetic field of the sun from Ref. 3 that
i llustratcs  the nearly radial “open” field Iine.s above the polar regions of the sun and tt lc
“closed” field lines that occur above tllc  lower latitude regions. SOI nc kcy design issues
can bc SCCII  in the figure. l:irst,  the proximity to the sun requires a unique spacecraf[
thermal control solution because the thermal flux at the sun is ovc~ 4(N w/cm2 suggesting
that a thermal shield is ncccssary if ttlc spacecraft components arc to be rl]ai[ltaincd  at room
temperature. ‘1’hc elliptical appcnda~e  on the Solar Probe in l~igule  1 tha( is always nadir
])ointed  is the (her-ma] st]icld.  1( is also a parabolic antenna that has all cllil)tical  outer edge
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and is (illccl at an angle to [}lc spacccriif[-sutl line [0 cast d ncady circular shadow Or lll~~[>ra
over tllc spacecraft, ‘J’hc perihelion ~comc[ry has bccll  designed to allow ttlc pcrillclion to
occur when the spaccmft-earth line is cxaclly Perpendicular to the tmjcctory  plane or in
astronomictd  terms, whcm the spacecraft is ia “quadrature” with the earth whicl] has two
inlporlant  conscqucnccs. Iiirst, the off-axis antenna borcsight  of the aWmna/shield can
always point at the carih during the. cn(irc nadir pointing maneuver. That is the< rotation axis
of tlm spacecraft is parallc]  to this antenna borcsight  (out of the plane of Ihc figure). ‘I”llis
allows colltinuous  coll]l]lt]]licatiolls  to the. ctirlll  near pcrihclicm  from an antenna [hat has the
hi~hcst  possib]c  gain ~ivcn other size cons(rainls

Amtlmr conscc]ucncc  o f  this scomc.try tlas (o CIO with tllc Icquiremcnt f o r  (I1c h i g h
tc.lc.colll[lll]  !licatio]ls  ])crforinancc,  given two col]lllll]rlicatio[ls  problems rlcar the sun. 1 ;irst,
at perihelion the sun will bc in the side Iobcs of the antenna beam of tllc ground  tracking
station. With tl]c quadra[urc geometry, tllc atlglc bctwccn  the sun and the spacccraf(  is
Imixillliz.cct;  in this case it is abou[ 1 dc~mc. ‘1’his maximunl  separation ang]c is ncccssary
(o lninimizc  the “hot noise” input  to [I)c ground rcccivcr  that rcctuccs  tllc  rcccption
pcrforl nancc of the station. Sccond]y,  it is well known that the solar corona is a
pcr(urbation source on any radio signal (hat passes through it. Again, the quadrature
~comctry allows the spacccraf[  to bc as fw as possible. from [IIC sun (and its corona) to
]ninilni~jc  the effects of these coronal pcr[urba(ions. f {vcn with these advantages, the
dc~,radation  in tclccommunicat  ions pcrfo]  mancc of lhc Solar l’robe near the sun is
si~nificant.  Analysis (l<cf. 1 ) suggcs[s  that the reduction in lc.lcmctry rate caused by the
proximity to the sun is at least an order of lnagtlitucJc  dm ing 10 hours around perihelion.
‘J’hc large parabolic sllicl(i optimizes tllc Solar l’robe tclccoll]rllt]ilications  performance
lwcausc it provides a very large ( 1.5m x 31n) and hi~h ~ain (apjmximatcly 41 d]]) antenna
10 coj]qmnsatc  for these losses caused [)y (I1C proximity to the sun while minimizing the
[rans]niltcr  power. “1’hc  l’lalnya spacecraft will have sigllificant]y higher tclcmct[y rates
I)ccausc of its larger distarlcc fmn (I1c sun aI)d rcduccd scilltillatioll effects, mm tl]ou~ll its
ante.lllm is just 1 meter ii~ dia]]~ctcr  (SCC  liig. 1 ) to fit within IIIC umbra of the l’lamya shield.

A It]i[ d issue that can bc inferred flom J~igurc  1 is that of solar wind aberration. Note that
WIICI) (11c Solar Probe is in the polar regions (e.g. t~ctwcc.n -6 and -8 hours in ihc figure),
tt~c solar wind direction (along the ]nagnclic fic]d ]incs) is alll~ost  radial from the sun, Also,
it is tllougl]t  to have a very nigh velocity (>600 kndscc) in these regions (Ref. 3). At that
salnc lime the velocity of (Ilc spacccraf(  is abou( 200 kln/scc. ‘1’bus, as viewed from the
space.crafl the wind is con~ing  from the near nadir direction. ‘J’hc mcasurcmcnt  of this polar
wind was considered to bc a Iligh priority g,oal  during the Mininmm  SolaJ”  Mission (MSM)
study in 1995 (Ref. 3). In the. equatorial region near pcril~clion;  the wind velocity is lower
(- 300 kn~/see), the field is not radial, and the spacecraft velocity is higher (- 300 kntisc.c).
“1’bus, tllcrc is an aberration of tllc  solar wind and it apJJcars  to bc coming from the side of
the spacecraft and not from (}1c na(iir  direction, ‘1’his is importar]t  for i[]strummt viewing
cons(rain[s  discussed below.

Rcccnt  ncw data acquilcd  by tllc  L]jysscs and ot}mr missicms has Changed the rcquilclncnts
for tllc Solar PJ-ObC n]ission by clnphasiy,ing two ncw issues. 1 ‘i[st, [hc confirmation of the
t]ig]l sr)ccd solar winds over tl]c polar corona] ho]cs makes it in q)crativc  to investigate this
region with in-situ i]lstrlllllcr]tati[)]l  C1OSC  10 ttlc suJ1. A  mquircd product of this
invcstip,ation is a splicrical  distribution fuwtim] of the. par[iclcs and ions. ‘1’llis functio~l  can
yield valuable infon~]ation  abou[ tl]c accclcrtiiion  proccssm  of the solar wind nc.ar  and
below the s~)acccraf[  (see l<cf. 3). Viewing ttw nigh speed wilds  in]JJlics  plas]na instrument
vic.winx  capabi]itics  in the nadir ditcction. ‘1’hlis, the instr(lnmnts woulcl  either hfivc 10 look
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through or around  the primary shield as discussed later for the ncw .spacccraf[  concepts. in
addition, recent rccommcndatiorls  from [hc Solar l>robc  Scicncc  community (Rc,f,  4) have
sllggcstcd  that much higher downlink data rates arc required to capture tl)c higll]y  variab]c
cllarac(cristics  c)f (I]c distritmtioll  functions near pcrihcliml. Givcm tllc  cxtret]ic co]lstraints
on tcle~orll]]l~]rlicatior]s  performance (Ref. 1 ), [his may require new [cclmiquc,s  for on-
boald analysis (e.g., data comprcssiorl)  to allow high rate data acquisition but low rate data
[ransmi ssion.

Sccond]y,  thcm has txml a renewed intem[  (Ref. 3) in imaging the solar “surlticc”  from
the Solar I’robe to observe the small active regions within the. sun’s photosphcrtt  that are
prcdictcd  by certain modc]s to be source regions for the solar wind. ‘1’llis nadir viewing
imp] ics a spacecraft ca.pabil  it y to somehow look around (or through) the spacecraft’s
primary shic]d and is a ncw chal]c.ngc  for tlw spacecraft systcnl,  Various tcc}miqum
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proposed (o accomplish this viewing will bc discusscxi  bclw in lhc conkxt of !hc
s~)acccraft  concepts that have been stuclicd.

in a rcccnt paJ~cr  (Ref. 4), the history of Solar Probe design ccmccpts  was rcvicwcci.  ‘1’hc
cvoluticm  from lar~c Galileo class spacecraft ICI curl cnt lightsat class spacccraf[  has bcm
significant. in this paper, wc will rc.view only the nmt rcccnt Solar Pmbc concepts in the
context of their scientific instrumc[]t accommodation. l;igurc  2 is a summary of the three
rcccnt design concepts since 1994. ‘Illc upper figures illustrate the “front” views of the
concepts lookin~  alm~g  the antenna bm csight  line and the lower figures rcp]cscnt the
ismnctric  views of each concept. lns[wnlcnt  accomnloda[ion  for each concept is discussed
in the following paragraI)hs.

:J :!IC 19_94  _Solar J’rohc  (;(l!lfi.g!lr.a!i.()!l

‘1’ypical  of the rcccnt configurations (before the ncw scicncc  emphasis on polar winds), the
1994 Solar Probe configurate ion in l~igurc 2a allowed scicncc  instruments to view on] y in
the direction of the abcrratcd  solar winds near the equatorial region (SCC discussion rclatcxi
to l~igurc  1). ‘1’hc instruments were located in the ccntcr  of the umbra and had aJ)cr-turcs
viewing to tl]c si(ics of (1IC spacccraf[  as shown in the upper figure. A fixc,d icl~~,th  boom
a]]OWCd the JllagIICtO1llCtCJ’  i nsfrumcnt to bc ]OCatCd  Jlcar t hc tip of the J~.rihcJion ulnbra as
shown in figure 2a. l’ilc pal abolic shield/antenna had reasonable tclcmctry rates of about
4 kilobits/scc  at J>crihc]ion  suJq~orting  t hc 17 kg payJoacl  ctcscribcd in Ref. 5.

A significant dcpar[urc  from the. 1994 configuration was cicvelopcd  in suppoI t of tl)c
Scicncc  l)cfinition  I’cam in 1995 (iuring  their study of a Minimum Solar Missio]] (l<cf. 3).
“1’hcy rccommcndcd  nadir viewing for both J>lasma  and oJ~tic.al instruments. 1 Ti orcicr to
acco]nmodatc  these ncw instrument rcquircmcnts,  the shic]d/antmla  was rcshaJxxi  10 have
a conical surface (or “hustt c“) for the lower half of its area (see the lower Iiigurc 2t)). 3 ‘hc
shiclci  then cxtcndcd  to onc side of the spacecraft a]iowing  instrument apcr[urcs tlmugh  the
conical .shicld section for optical and J>]asma observations in the nadir direction as shown in
the upper l~igurc 2b, Aithough  the scicncc instruments could now view in the nadir
direction, there remained some open issues as to the operability of those apertures. There
could bc scattering problems in the aJxxture  tubes of the optical instruments (SCC 1 :igurc 2b)
that could cause unfocused images. ‘1’he }1OICS in the shield for the plasma instmnlcnt  could
bc sources of residual fields that would deflect (at least low ct]crgy) particles as WCII as
causi~]g possihlc  ablatio[l sources ti]at could bc dangerous to the survival of (I1c sllicki.  IJI

addition, the conicai  section in the shicl(i rcduccs the cffcctivc  radiating area as an antenna
thereby rcciucing  tllc  gain of the antenna (and the downlink  tclm]ct~y rate).

III response to the :tbovc issues about the “bustic” shield, an updated concept was
Cicvc]oJY.d  that removed the bustle ami the COI]tiJNJOLIS nadir Viewing capability for the
scicncc instruments. It was rccognizc{i  in the MSM study (Ref. 3 ) that continuous naciir
imaging was not ncccssaIy  bccausc the sccnc chanf,ed  slowly. Thus, the idea of J)criodic
nadir imaging suggested that an il~stru]ncrlt,  that couici  look around the shic]d ill tl]c nadir
ciircction  (but oJdy Pcrio(iicaiiy),  was a viabk alternative to the MSM imagcr. lJ] a(idition,
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an image! such as t]lis coukt bc Sc]f Contained as a rC]ativC]y  illdCpC1ldCIH Ckmcnt  without
affect ing t t ~c ovcral 1 thermal and structural design of t hc spacecraft s ystcm. A mirror
concept ( Ref. 1 ) as shown ill the lower ]iigurc 2.c COUM k thrust out of the umbra by an
cxtcnsib]c arm, remain  there for a fcw tenths of a second (allowing the required in]aging
exposures of a fcw milliseconds), and retract into the umbra. This scqucmce  could bc
rcpcatcd  every 10 n]inutcs (to allow thermal rccovcry) to provide disk ima$ing  with that
t imc intcrwd.  ‘1 ‘his concept depends cm a mirror design that can tolmdc the cxtrcm solar
ftux (about 3000 suns) for the short exposures to sunlight, A transparent quartz,  mirror
would suffice for (1]c visib]c (magnctograph)  imaging but some other type of mirror would
bc ncccssaly  for the 1 XJV viewing.

in an atlcmpt  to satisfy the viewing rcquircmcnts of tllc  plasma instrument, all ilMunlcnt
wi[h a spherical field of view was placed on an cxtcndiblc  boom [hat would locate the
instrument always at the lip of (I1c conicat umbra near perihelion as shown in J ‘igurcs 2c.
As the spacecraft approaches J>crihclion  and the umbral cone gets shorlcr as shown in the
upper figure, [he boom is rctractcd far cnougb  to keep tbc instrument Jus[ within the umbra.
I’his allows the smallest possible viewing angle ( e.g. 8 dcgrccs)  toward the nadir ditcction
without having apertures in the shield.

Iiigurc 2 compares the viewing angles for the three rcccnt concepts. Nc)(c  t}lat the MSM
configumtion  has limited  but continuous nadir viewing in discrctc  directions in a plm~
tbrougb  the holes in the shic]d. The plasma instrument would view through  the holes at
these ~ixrc(c  angles and then in a 360 dcgrcc  J)attcm in the same plmc. 1 lowcvcr, even
tl]ough the 1996 configuration views only within 8 dcgrccs  of nadir (over [}IC solar ~)olcs),
it has a s#]crica.1 field of view that can capture data out of the phmc that would bc obscured
in tbc MSM configuration.

in conclusion, (Ilc latest configuration retains tbc advantages of tbc parabolic antcnmdshicld
and its fldl [clccol~ll]]~]t~icati[)ns  performance while allowing periodic nadir viewing for
imaging and near-nadir continuous viewing for a spherical ficlcl-of-view plasma
instmmcnt.  A review of the trades bctwccn various configurations is scl]cdu]cd for later in
1996 when a ncw NASA Scicncc Definition l’cam will bc convcncd  to evaluate the scicncc-
spacexraft  issues leading to a refined baseline conccp( for tbc Scalar Pmbc mission.

Acmc)wlcdzmcnt.

“1’hc research dcscribcd in [his paper was carried OU( by the Solar Probe team at (}]c Jet
l’mpulsion  1,aboratory,  California Jnstitu(c of Technology, under a contract with the
National Aclonau[ics  and Space Administration.
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